In situ respiration and bioenergetic status of mitochondria in primary cerebellar granule neuronal cultures exposed continuously to glutamate.
Mitochondria play a central role in neuronal death during pathological exposure to glutamate (excitotoxicity). To investigate the detailed bioenergetics of the in situ mitochondria, a method is described to monitor continuously the respiration of primary cerebellar granule neuron cultures while simultaneously imaging cytoplasmic Ca(2+) and mitochondrial membrane potential. Coverslip-attached cells were perfused in an imaging chamber with upstream and downstream flow-through oxygen electrodes. The bioenergetic consequences of chronic glutamate exposure were investigated, including ATP supply and demand, proton leak, and mitochondrial respiratory capacity during chronic glutamate exposure. In 25 mM K(+) medium supplemented with 10% dialyzed serum, cells utilized 54% of their respiratory capacity in the absence of receptor activation (37% for ATP generation, 12% to drive the mitochondrial proton leak, and the residual 5% was nonmitochondrial). glutamate initially increased mitochondrial respiration from 51 to 68% of capacity, followed by a slow decline. It was estimated that 85% of this increased respiration was because of increased ATP demand, whereas 15% was attributable to a transient mitochondrial proton leak. N-Methyl-D-aspartate receptor activation was only responsible for 62% of the increased respiration. When adjusted for cell death over 3 h of glutamate exposure, respiration of the viable cells remained near basal and protonophore stimulated respiration to the same extent as control cells. Pyruvate-supplemented media protected cells from glutamate excitotoxicity, although this was associated with mitochondrial dysfunction. We conclude that excitotoxicity under these conditions is not because of an ATP deficit or uncoupling. Furthermore, mitochondria maintain the same respiratory capacity as in control cells.